INTRODUCTION
Group housing of sows is considered superior to the use of sow stalls, as it allows social interaction and movement (Arey and Edwards, 1998; Mwanza et al., 2000; Seguin et al., 2006; Elmore et al., 2011) . One disadvantage of group housing is that mixing of unfamiliar sows into groups is unavoidable (Gonyou, 2003; Razdan, 2003) . Aggression is greatest between 2 and 10 d after ABSTRACT: Aggression between domestic sows is greatest when sows are first introduced to each other and hierarchies form. The aim of this study was to determine the effect of a spacious "mixing pen" on sow aggression and stress. Sows were mixed into groups of 6 and allowed 2 (LOW; 8 groups and 48 sows), 4 (MED; 7 groups and 42 sows), or 6 m 2 /sow (HIGH; 7 groups and 42 sows) for 4 d after mixing, at which point all pens were equalized to 2 m 2 /sow. Salivary cortisol concentration and injury counts were measured on d -1, 0, 1, 3, and 4 relative to mixing, and behavior was also recorded on each of these days following mixing. Reproductive performance was assessed at farrowing. A linear mixed model was applied to the data. Data are presented as least squares means and standard error of the mean. Where transformations occurred, nontransformed adjusted means are presented in parentheses following the presentation of transformed data. In the primary analyses where measures were considered at the pen level, there were no effect of space allowance on fight number per sow, duration of fights, percentage of total time spent fighting, displacements, bites, knocks, and lunges (P > 0.05). These measures were higher on d 0 (i.e., fight number 1.0 ± 0.1 [13.8] Farrowing rate and total piglets born were not affected by treatment (P > 0.05). A secondary analysis was conducted that examined individual sow behavior within each pen, and this identified increased injury number in the lowest ranked sows (involved in no fights on d 0 and no displacements on d0 to d4) in LOW (9.3 ± 1.2 [107.9] for LOW, 6.2 ± 0.8 [53.0] for MED, and 5.1 ± 0.8 [28.1] for HIGH) and also decreased fight number and duration in HIGH compared with LOW on d 0 and 1 (P < 0.05). Our primary data analysis demonstrates positive exploratory and social behaviors with increased space and suggests that a reduction in space following hierarchy formation is not a significant stressor. Additionally, there is some evidence at an individual sow level that increased space at mixing benefits sow welfare parameters, especially for lowranked sows.
mixing, while hierarchies are forming (Jensen, 1982; Moore et al., 1993; Arey, 1999; Zurbrigg and Blackwell, 2005) . Aggression between unfamiliar pigs is a welfare concern due to the associated injury and stress, which can ultimately affect reproductive performance (Barnett et al., 2001; Marchant-Forde, 2010) . Although stress cannot be totally avoided (Squires, 2010) , the short-term nature of the stress response to mixing means that these effects may be minimized by careful management (Arey and Edwards, 1998) . Space allocation at mixing can be managed to reduce aggression and stress in sows. From studies focusing on aggression at mixing and throughout gestation, it is evident that aggression is negatively correlated with floor space (Weng et al., 1998; Docking et al., 2000; Spoolder et al., 2009; Hemsworth et al., 2013) . To date, all studies into the effects of space have provided the resource for the duration of the experimental period. Space is an expensive resource and it is not currently known if additional space can be provided for the mixing event and then subsequently restricted after hierarchy formation through the use of a "mixing pen." The aim of the current investigation was to determine if the use of additional space in the days immediately after mixing impacted on sow aggression and if a reduction in space following hierarchy formation altered behavior and physiology. We hypothesized that aggression at mixing would be reduced with increased space allowance and that space restriction after hierarchy formation would result in no detrimental effects on sow welfare indicators. We also hypothesized that sow social rank would affect the animals' behavioral response when housed in different space allowances at mixing.
MATERIALS AND METHODS

Animal Management and Treatments
This study was conducted in accordance with the guidelines set out in the Australian Code for the Care and Use of Animals for Scientific Purposes (National Health and Medical Research Council, 2013) and with the approval of The University of Adelaide Animal Ethics Committee (project number S-2012-062B). All animal work was performed at The University of Adelaide piggery, at the Roseworthy Campus, Roseworthy, SA, Australia.
The study used 132 multiparous (parity 1-7, 3.0 ± 1.3 mean ± SEM) Large White × Landrace sows and was conducted over 7 replicates between February and September 2013 (with the first replicate allowing for 4 groups, including two 2 m 2 /sow [LOW] treatment pens). Sows were weaned into stalls before mixing. The sows were exposed to boars until exhibition of estrus and then received 3 inseminations 24 h apart (if still standing for the third). The sows were officially introduced into the trial 4 ± 1 d following the last insemination (7 ± 1 d after first detection of estrus). Sows were mixed in groups of 6 into treatment pens, which provided 2 (LOW; 8 groups and 48 sows), 4 (MED; 7 groups and 42 sows), or 6 m 2 /sow (HIGH; 7 groups and 42 sows) for d 0, 1, 2, and 3 after mixing. Sows were mixed into groups based on achieving an even parity mix across treatments (parity 3.0 ± 1.3). On d 4, the space allowance for all sows was standardized to LOW by addition of barricades to their original pens until pregnancy conformation, through ultrasound, on d 28 of gestation. This procedure ensured there was no confounding between space restriction and novelty, as the sows remained in a familiar environment.
While in stalls, sows were manually fed a standard dry sow diet (13.8% protein, 5% fiber, 0.7% total lysine, and 13.0 MJ/kg DE) once daily at 0730 h at a level of 2.5 kg per sow. Following mixing and until d 28 of gestation, the sows were manually floor-fed the same diet over a 3-m concrete pad at the front of the pen regardless of treatment. From mixing until d 28 of gestation, water was available without restriction via 2 nipple drinkers located within the pens. After pregnancy conformation, through ultrasound, all pregnant animals were relocated to a single straw-based shelter (at approximately 4.2 m 2 /sow) in a group of up to 40 where they remained until farrowing.
Behavioral Observations
Sow behavior was recorded for 6 h on each experimental day before the feeding event from 0700 until 1300 h. Sows were fed at 0730 h, 30 min after the start of video recording. Sows were uniquely identified by color and symbol using stock marker (MAC Tail Paint and Animal Marker; Becker Underwood Pty Ltd, Somersby, NSW, Australia). The footage was analyzed using video analysis software (Observer XT11.5; Nodulus, Wageningen, Netherlands). The number of pigs engaged in several specific general activities (eating, drinking, standing, lying, and exploring floor or pen work) and several social behaviors (displacements and fighting, knocks, bites, lunges, fleeing, mounting, and nonaggressive sowsow contact) was recorded (Table 1) . Behavior was analyzed either as a continuous variable, in that all sows had to be performing one of the defined behaviors at any given time during the recording, or a point behavior, which did not have a duration, such as a knock. Behaviors were scored using continuous sampling and were analyzed in 3 ways over the 6-h recording period: the total number of times that a specific behavior was observed per sow (e.g., number of fights), the average duration of an individual behavior event in seconds (e.g., fight duration), and the percentage of total time spent exhibiting a behavior (e.g., percentage of total time spent fighting).
Hierarchy Calculation
Hierarchy was assessed using the number of successful displacements for each sow over all 4 d and the number of fights won and lost on the day of mixing. Displacements and fights were calculated as an overall or "global" rank and not based on individual resource rank, such as displacements around food, water, or space. For fights (F) and displacements (D), the sows were separated into 3 groups and hierarchy was analyzed with both displacements and fights combined, allowing a possible 9 hierarchy groups. For ease of discussion, our calculation of aggression and dominance will be referred to as hierarchy or rank. The ranking subgroups groups were as follows: 1D or 1F sows were involved in no displacements or fights, respectively; 2D or 2F sows lost more than they won; and 3D or and 3F sows won more than they lost. The subgroups are then combined to make the ranking. For example, 1D1F sows were involved in no fights on d 0 and no displacements on d 0 to d4.
Lesion Counts
Skin lesion counts were recorded at 1400 h on the day before mixing (d -1), the day of mixing (d 0), and d 1, 3, and 4 after mixing. A modification of the assessment described by Karlen et al. (2007) was used to describe lesion counts. To summarize, each side of the sow's body was divided into 21 areas and the number of skin lesions in each area was counted. Lesions were classified as a scratch, abrasion on skin or crack on hoof, open cut on skin or broken hoof, old cut or scar, or abscess. All injuries, including superficial, fresh, and old, were included in the count and all areas were summed to give a total injury count. The severity of the lesions was not scored. An individual lesion was classified as any continuous wound and, if there was a break in the length of the wound, this was classified as a separate lesion.
Saliva Sample Collection and Analysis
Saliva samples were collected from all sows, on d -1, 0, 1, 3, and 4, using cotton plugs (salivettes; Sarstedt Australia, Adelaide, SA, Australia) attached to plastic ties. Each sow was allowed to chew on the salivette for a maximum of 2 min to obtain the sample. When it was not possible to obtain the sample in the 2-min time period, the sow was left and no sample was obtained for this animal. This failure to obtain a saliva sample occurred 4 times during the experimental period (656 samples collected). Sampling began at 1330 h on each sample day and concluded approximately 1 h later. Samples were then centrifuged at 2,012 × g for 10 min at room temperature and stored at -20°C until analysis. The samples were sent to the School of Animal Biotechnology, University of Western Australia (Perth , Australia) for analysis of salivary cortisol using a RIA kit designed for measurement of cortisol in human plasma, serum, or urine (Cortisol GammaCoat RIA kit CA-1549; DiaSorin Inc., Stillwater, MN; Beausoleil et al., 2008) . Adding 75 μL buffer to 100 μL saliva modified it for use in porcine saliva. The limit of detection was 0.9 nmol/L and the mean intra-and interassay CV were 2.7 and 5.1%, respectively. Sow was classed as eating if food was present and she was noted as collecting food from the floor, chewing, and/or swallowing. The sow was drinking if her head was in the drinker and she could be seen to swallow and/ or actively manipulate the drinker nipple. If it was unclear what the sow was doing and if she was dog sitting, standing, or walking, she was considered active. Sows were considered resting if lying flat to the floor.
Continuous events
Exploring Actively manipulating and exploring the surrounding environment, such as rooting, nosing the floor, moving drinkers, and chewing fences
Continuous event Displacement
Movement of one sow by another from a valued resource such as food, drinker, or lying space (if multiple knocks or bites are required, this is a fight)
Point event
Fighting
Aggression including 3 or more knocks or bites. Aggression can be reciprocal or nonreciprocal.
Continuous event
Knock
One sow knocks another sow using her head and neck, contacting any part of the receiving sow.
Point event
Bite
One single bite delivered from one sow to any part of another.
Point event Lunge
Sow lunges at another but does not make physical contact.
Point event
Flee Sow moves herself quickly and as far away as she can get from another sow, in response to an aggressive action. Point event
Mounting
One sow mounts another, with her front legs both over the back of the other animal.
Point event
Nonaggressive sow-sow contact
Mutual contact between 2 sows that involves exploration of another animal with no aggressive outcomes (does not include lying with another sow).
Reproductive Measures
Pregnancy rate (measured by ultrasonography at approximately d 28 of gestation), farrowing rate (measured by the number of sows that farrowed at full term), and total litter size were recorded.
Statistical Analyses
Before analysis, data were checked for normality by examining the distribution of residual plots. This resulted in cortisol data being square root transformed and the majority of the behavior measured being log 10 transformed. When data is provided, the transformation is specified. All data were analyzed using the Statistics Package for the Social Sciences (SPSS) version 20.0 (IBM, Armonk, NY) using a general linear mixed model. For the primary analysis, pen was used as the unit with all measures taken as individual sow results and averaged across the pen. Replicate, day of measure, and treatment were fitted as fixed effects and the d-1 measure was also fitted as a covariate (with the exception of behavioral data). Analysis was also conducted with sow as the unit and is referred to as the secondary analysis, to analyze the effect of social rank on their response to the treatment. In these cases, sow was fitted as a random effect and parity group was fitted as a fixed effect (parity 1, 2-3, and 4+), and when hierarchy was analyzed, it was fitted as a fixed effect. There was only 1 pen per treatment per replicate, thus adjusting for treatment and replicate also adjusted for the effects of pen. Where transformations occurred, nontransformed adjusted means are presented in parentheses. Data are expressed as least squares means ± SEM and a difference at P < 0.05 was deemed significant. If significances were noted in both the primary analysis (with pen) and the secondary analysis (sow and hierarchy), they are presented for only the primary analysis.
RESULTS
Primary Analysis: Effect of Space Allowance on Sow Welfare Indicators
Aggressive Behaviors. The average number of fights per sow, duration of each individual fight, and percentage of overall time spent fighting were not affected by treatment (P > 0.05). Displacement number was also not affected by treatment (P > 0.05). Treatment had no effect on the average number of bites received per sow, average knock number per sow, number of fleeing events, and average number of lunges at other pigs (P > 0.05).
Other Behaviors. Sows spent more time active in the HIGH pens than both the LOW and MED pens (P < 0.01; Table 2 ). The percentage of time spent resting was also affected by treatment (P < 0.005), with MED and LOW sows resting more compared with HIGH sows (Table 2) .
Sows in the HIGH pens also spent a greater percentage of their time exploring their environment when compared with MED and LOW sows (P < 0.01; Table 2 ). The number of nonaggressive sow-sow contact events was higher in the HIGH treatment compared with the LOW treatment, (P < 0.05; Table 2 ). The number of times sows mounted other sows and the percentage of total time spent eating was not affected by treatment (P > 0.05).
Free Salivary Cortisol Concentrations and Lesion Counts. Free salivary cortisol concentration was greater in HIGH and MED sows than in LOW sows (P < 0.01; Table 2 ) when samples were pooled across days. Both total and front injury numbers were not affected by treatment (P > 0.05). 1 Pen as the unit.
2 Transformed means ± SEM are presented with nontransformed means in parentheses.
3 LOW = 2 m 2 /sow; MED = 4 m 2 /sow; HIGH = 6 m 2 /sow.
Pregnancy Rate and Farrowing Performance. The pregnancy rate was equal to the farrowing rate as no pregnancy loss occurred after d 28 of gestation, and both measures were not affected by treatment (79.5 ± 5.1 for LOW, 88.1 ± 5.4 for MED, and 81.0 ± 5.4 for HIGH; P > 0.05). The total number of piglets born was also not affected by treatment (3.5 ± 0.1 square root transformed total piglets [12.2 piglets] for LOW, 3.4 ± 0.1 square root transformed total piglets [11.8 piglets] for MED, and 3.4 ± 0.1 square root transformed total piglets [11.6 piglets] for HIGH; P > 0.05).
Impact of Day following Mixing on Measures. There were more fights on d 0 than on all other days (P < 0.01; Table 3 ). The average duration of individual fights (P < 0.001) and total percentage of time spent fighting (P < 0.01) were also affected by day, with significantly longer fights and higher percentage of total time spent fighting on d 0, with fight duration halving and percentage of total time spent fighting reducing by 75% on the day following mixing (Table 3) . There was no increase in any of the aggressive behaviors analyzed when space was standardized to LOW on d 4 following mixing (P > 0.05). A higher bite number was observed on d 0 than all other days (P < 0.005), along with higher knock number (P < 0.01), number of fleeing events (P > 0.005), and the number of mounting events (P < 0.005; Table 3 ). The number of lunges was not altered by day after mixing (P > 0.05). Displacements were similarly affected by day, with a higher number of displacements on d 0 than all other days (P < 0.01; Table 3 ). The number of nonaggressive sow-sow contact events was also affected by day, with a lower number of social contact events not resulting in aggression on d 0 compared with all other days (P < 0.00005). The percentage of time spent active and resting differed across day (P < 0.001), with pigs being more active and resting less on d 0 compared with all other days. Eating time varied across day, with a lower percentage of time spent eating on d 0 than all other days and on d 1 than on d 4 and 6 (P > 0.00005; Table 3 ).
Free salivary cortisol concentrations were also affected by day, with higher cortisol levels on d 1 than on d 4 (P < 0.01; Table 3 ). Lesion counts were unaffected by day of mixing (P > 0.05). 1 Pen as the unit.
2 All pens were standardized to 2 m 2 /sow on d 4.
3 Transformed means ± SEM presented with nontransformed means in parentheses.
Secondary Analysis: Effect of Hierarchical Ranking within Varying Pen Sizes on Sow Welfare Indicators
Aggressive Behaviors. There was no significant interaction between calculated hierarchy rank and space treatment for any of the behavioral parameters measured (P > 0.05) including aggression traits. However, the analysis in which sow was the statistical unit identified that LOW group sows fought more frequently than HIGH group sows on both d 0 and 1 after mixing (P < 0.05; Table 4 ). The percentage of time spent fighting was less in the HIGH group than both the LOW and MED groups on d 0 and 3 (P < 0.05; Table 4 ). A difference between the MED and HIGH group sows on d 4 (when pen size was reduced) was also observed, with a greater fight number observed in HIGH group sows (P < 0.05; Table 4 ). The HIGH group sows also spent more time fighting than the MED group sows when the pen size was decreased on d 4 (P < 0.05; Table 4 ).
Free Salivary Cortisol Concentrations and Lesion Counts. There was no significant effect of hierarchy within space treatments for salivary cortisol concentration on any of the days investigated (P > 0.05). A significant interaction between hierarchy rank and treatment was identified for lesion counts with the most submissive group (1D1F) displaying higher injuries than all other hierarchies when housed in the LOW treatment (107.9 for LOW, 53.0 for MED, and 28.1 for HIGH; nontransformed data, P < 0.05; Fig. 1 ). The 1D2F sows had fewer injuries in MED than in LOW (47.1 for LOW, 25.4 for MED, and 40.5 for HIGH). The 2D3F had more injuries and 3D3F fewer injuries in HIGH than if kept in any other space allowance (28.4 for LOW, 27.1 for MED, and 40.3 for HIGH). Injury was affected when analyzed for individual sows, with effect of treatment within day (P < 0.005). There were higher injury scores in MED on d 1 with no difference between treatments on any other day (Table 4) .
Individual Sow Reproductive Outcomes. When the effect of pregnancy status was examined regardless of treatment, mounting behavior and time spent resting were lower (P < 0.05) whereas time spent eating (P < 0.002), exploring (P < 0.05), and generally active (P < 0.005) were greater for pregnant sows when compared with those that were subsequently determined not to be pregnant (Table 5) .
DISCUSSION
These results identified that sows in HIGH space allowances are more inclined to explore their environment and are more active than other sows, perhaps suggesting a greater freedom of movement. Aggression (fight number, time spent fighting, bites, or knocks) was highest on the day of mixing and quickly subsided on the days following. Overall, there was no difference in aggression between Day 1, 3, and 4, suggesting that the reduction in pen size, which occurred on Day 4, was not a significant stressor and at least nowhere near the stressor of mixing. Irrespective of this, the higher space allowance at mixing increased sow activity and exploration of the environment as well as social interaction and would appear to reduce injuries in low ranked sows and also aggression on a sow level, as seen in the secondary analysis.
Space Allowance Effects and Mixing Pen Management
The primary analysis showed no effect of mixing space allowance on sow aggression, with our results contrasting with the body of research in this area. Previous studies have reported increased aggression and injuries in group-housed sows as floor space decreased (Weng et al., 1998; Docking et al., 2000) , with Hemsworth et al. (2013) observing a reduction in aggressive behaviors when space allowance was increased from 1.4 to 3.0 m 2 /sow. However, the current study used continual analysis of 6 h of video footage, which allowed for a comprehensive picture of the activity, social behavior, and exploration over almost the whole day, whereas Hemsworth et al. (2013) recorded slashes, butts, pushes, and bites during the 30 min following 4 feed drops when it could be presumed aggression was at its high- LOW  MED  HIGH  LOW  MED  HIGH  LOW  MED  HIGH  LOW  MED a,b Significant differences are indicated using superscripts across treatments within days at the significance level specified (P < 0.05).
P-value
est. Examining sow behavior over the whole day could have diluted aggressive events. Also, it is possible that as we had 1 feed drop compared with 4 (with the same amount fed offered), aggression was affected differently by feeding schedule. This has been seen in gilts, with injury and vocalization at feeding increasing with 6 feed drops compared with 2 (Schneider et al., 2007) . The novel component of the present investigation involved a reduction in pen size after the expected hierarchy formation rather than the indefinite provision of additional space. Day 4 was chosen for the day of space restriction, based on past research suggesting that at 4 d, hierarchies should be fully formed. Dolf (1986) suggested that the hierarchy of sows was settled and the frequency of fights decreased after 2 to 3 d. The housing strategy used in the current study was designed to provide sows with the additional space required after mixing and during hierarchy formation while meeting the producers' need to optimize stocking densities. It is, therefore, important that no increase in aggression was observed when pen size was standardized and that the level of aggression witnessed on this day was substantially lower when compared with that on the day of mixing. This could suggest that increased space provision solely at mixing can be provided successfully.
Salivary cortisol concentrations were significantly lower in sows in the LOW treatment group compared with both other space allocations. There were no observed decreased agonistic behaviors in this group, which could be used to explain the lower cortisol (in fact, the secondary analysis suggested increased aggression in this pen), but the nonagonistic behaviors reported in the primary analysis may help to explain this unusual finding. Sows in the LOW treatment spent more time resting, less time being active, and less time exploring. The greater cortisol observed at greater space allowances may, therefore, actually reflect the increased movement and activity, as movement increases metabolic demand, which, in turn, increases cortisol secretion (de Groot et al., 2000) . Cortisol is a primary metabolic hormone, with its main role being the metabolism of energy (de Groot et al., 2000) . This phenomenon has been reported in enriched environments, when pigs have been found to have significantly greater cortisol compared with barren housing (de Groot et al., 2000) . Therefore, although salivary cortisol concentrations were greatest in greater space allowances, this may reflect a greater ability to explore rather than increased aggression and stress.
Despite treatment effects on salivary cortisol levels, neither pregnancy rate nor litter size was affected by space allowance at mixing. The number of animals in this trial may not have been enough to see significance in this area. This is likely, as despite a 2 to 9% increase in pregnancy rate at greater space allowances, statistical significance was not established. Irrespective of whether this difference was significant or not, commercially, the benefits of providing extra space at mixing may be of relevance, as with greater numbers, significance may have been noted.
Effect of Day Following Mixing
Irrespective of space effects, it is clear that aggression was much greater on the day of mixing and subsequently was reduced from that point onward. Although some studies found a reduction in aggression as soon as 1 h following mixing (Mount and Seabrook, 1993) , it is generally agreed that in domesticated sows, dominance hierarchies form within 2 to 10 d of mixing (Moore et al., 1993; Arey, 1999; Zurbrigg and Blackwell, 2005; Greenwood et al., 2014) . Cortisol concentrations remained elevated to d 1 after mixing, even when aggression measures (fight number, duration and percentage of time spent fighting, displacements, bites, knocks, and lunges) had subsided. This suggests that although a,b Across rows, significant differences are indicated by different superscripts (P < 0.05). Figure 1 . The effect of hierarchy at mixing on total injury scores (Square root transformed means and SEM presented). a,b Significant differences are indicated by different superscripts (P < 0.05). LOW = 2 m 2 /sow; MED = 4 m 2 /sow; HIGH = 6 m 2 /sow; 1D1F= involved in no displacements or fights; 1D2F = involved in no displacements and lost more fights than won; 2D1F = lost more displacements than won and involved in no fights; 2D2F= lost more displacements and fights than won; 2D3F = lost more displacements than won and won more fights than lost; 3D1F = won more displacements than lost and involved in no fights; 3D2F = won more displacements than lost and lots more fights than won; 3D3F = won more displacements and fights than lost. aggression decreased, the stress of being in a new group still affected the sows and that even though aggression was reduced, their cortisol levels remained elevated. It would appear that in the present study, the social rank and, therefore, level of aggression was predominantly stabilized in the first day after mixing.
Hierarchy and Individual Sow Responses
It is widely accepted that there are many differences in sow group-housing systems, which lead to differences in aggression levels and welfare. However, changes in welfare within systems and within groups do occur and may be brought about by social differences within any given group (Mendl et al., 1992; O'Connell et al., 2003) . It is important, therefore, to investigate not only the differences between certain housing systems but also the welfare of individuals. In particular, low ranking animals have high levels of fear and stress, linked to a reduction in food intake along with other negative welfare effects linked directly to the high levels of aggression they face, such as high injury numbers (Boyle et al., 2012) .
The secondary analysis identified that there were significantly higher injury counts on Day 1 in the MED pen compared with both others. This is a difficult relationship to explain as it does not mirror any behavioral or endocrine changes. Our hierarchy effects within different space allowances showed that when the most submissive sows (1D1F; involved in no displacements or fights) were mixed into LOW pens, they had significantly more injuries than the same submissive sows in MED and HIGH. This could be due to the increased space available to escape from or avoid dominant and aggressive sows or due to decreased space leading to more trampling injuries in sows that predominantly lie down to remain unnoticed; unfortunately, due to behavior sampling techniques, if this did not alter the behavior of the animals, this would not have been recorded. These results suggest that greater space allowance benefits submissive sows. Further research into separating lower standing sows from the more dominant animals or allowing high-stress animals alone more space at mixing would appear to be relevant. As differences in injury were not seen in the overall pen but were seen in the animals that were bitten more but involved in no fights, this suggests that injury count could be linked to individual bites and trampling injuries more than with fight number.
The individual pregnancy status versus individual behavior, regardless of treatment, revealed some interesting relationships. The animals used in this experiment were mixed at approximately 4 d following AI and the experimental measures were completed 5 d after mixing, or 9 d into gestation. This meant that the experiment took place before implantation and maternal recognition of pregnancy. There were, therefore, some interesting results surrounding whether an individual animal was found pregnant at ultrasound scanning. Mounting is an obvious behavior that would be affected by pregnancy and, as expected, there was a significant effect of pregnancy status on mounting behavior, with pregnant sows mounting other animals significantly less often than those later determined to be not pregnant. Additionally, sows that were found to be pregnant spent more time eating, exploring, and generally being more active than those deemed not pregnant. There are 2 possible explanations for this result. The first is that behavior is affecting pregnancy, and before implantation, the more active sows that stand and eat for longer are more likely to maintain a pregnancy. This has been highlighted by Kongsted (2006) , who found that sows observed to spend less time eating had a greater risk of returning to estrus compared with sows eating more frequently. Individual sow behavior may be enough to affect reproduction. The alternative explanation is that pregnancy status is influencing behavior, with the difference in behavior brought on by a response from the sow, which is mediated by a not yet understood message from the conceptus before implantation.
Conclusion
The aim of this study was to determine the effect of a spacious "mixing pen" on sow aggression and stress. There were no significant effects on aggression (fight number, duration of fights, percentage of total time spent fighting, displacements, bites, knocks, and lunges) with any pen size. There were, however, significant changes in other positive behaviors including increased resting time and exploration. There was no increase in aggression when pen size was standardized, suggesting that the decrease in pen size was not a significant stressor. Additionally, there was some evidence at an individual sow level that increased space allowance at mixing exerts benefits on sow welfare parameters and may benefit sows that are low ranked. These results suggest that a greater space allowance may be beneficial and that mixing pens, allowing increased space at mixing and then reducing it in the days following, may be an economical option to allow increased space at mixing. 
LITERATURE CITED
